METHODS
In 1991 and 1992, blood samples were withdrawn from the brachial vein of male and female House Wrens during the pre-egg laying, egg laying and incubation stages of the breeding cycle (n = 5 birds at each stage) at the Mackinaw study site located approximately 30 km northeast of Bloomington, IL (see Harper et al. 1994 ). Samples were placed on ice in sterile phosphate buffered saline (PBS??:137 mM NaC1, 2.7 mM KCI, 4.3 mM Na2HPO4.7 H20, 1.4 mM KH2PO4,pH 7.3-7.4, with 0.1 mM Phenylmethylsulfonylflouride (PMSF) and 0.1 mM 2-mercaptoethanol added to diminish plasma protein degradation and sample oxidation, respectively) until analyzed. Samples were centrifuged at 6,000 g in a Fisher micro-centrifuge (Model 235A) to remove blood cells and the supernatant was analyzed for the presence of prolactin using a prolactin-antiprolactin ELISA kit from Leinco Technologies Inc. Rat anti-prolactin IgG antibody (murine monoclonal, i.e., the "capture antibody"; mAb) was coated onto sterile plastic wells (performed by the manufacturer) and an aliquot (25 pl) of plasma was added to the wells at 25*C. The plasma was removed from the wells which were washed with a detergent wash buffer supplied with the kit. Following this, 200 l1 of goat anti-prolactin goat polyclonal antibody (primarily IgG, i.e., the "detection" antibody) which had been enzyme-labeled with horseradish peroxidase was added to each well. After a 45 min incubation, wells were washed with a detergent wash buffer supplied with the kit followed by doubly deionized, doubly autoclaved water to remove unbound labeled anti-prolactin. We added 200 Al of substrate chromogen (3,3', 5,5' tetramethylbenzidine (TMB)) to each well and incubated each for 15 min, producing a blue color. The reaction was stopped with 50 1l of 1 N H2S04, which changed the color to yellow. The intensity of the color was proportional to the concentration of bound antibody present in each plasma sample. The wells were visually scored for intensity by comparing chromogen in unknown wells with 0, 25, 50, and 100 ng/ml prolactin standards, and quantified at 450 nm using a EL-311 microplate reader (Biotek Instruments Inc.). A standard concentration vs. absorbance curve was constructed using PSI-PLOT Program (PsIPlot Inc.). Since we were using an heterologous assay, it was important to determine if the plasma samples and the standards exhibited the same alteration in absorbance with changes in concentration. standards (i.e., 0, 25, 50 and 100 ng/ml). Due to low sample size and the fact that analyses revealed no significant difference between the plasma prolactin levels of males at different breediig stages, the plasma samples of males from varying breeding times were pooled for the serial dilution trials. Standards and plasma dilutions showed linear absorbance curves and their slopes were similar (Fig. 1) , thus allowing us to use interpolation to estimate prolactin concentration of unknowns. The reported assay sensitivity of the ELISA kit was <1.0 ng/ml (Leinco, Inc.) but we determined the sensitivity of the assay in our hands by serial dilution of known concentrations of prolactin. To determine assay recovery (100 ? 1.25% for human serum; Leinco Technologies), 10 plasma samples (aliquots of the same samples used for the serial dilutions) were "spiked" with a known amount of prolactin (5, 10 and 50 ng/ml). Percent recovery was calculated by comparing expected concentration in spiked samples with the value actually obtained. In all instances, ELISA runs were performed "blind" as plasma samples were identified by band numbers only. To substantiate that the ELISA was specifically detecting prolactin in House Wren plasma rather than simply reacting non-specifically to plasma proteins, reverse-phase high pressure liquid chromatography (Waters RP-HPLC) was performed on five additional plasma samples. Plasma was prepared for RP-HPLC by boiling in IN acetic acid/0.1% thiodyglycol, followed by sonication for 2 min and centrifugation at 20,000 g (IEC Model B-20A Centrifuge) at 0*C, and drying for 5 hr. Samples were resuspended in elution buffer (80% water/20% acetonitrile) and run on a selectosil C18 column. Over the course of a run (averaging 35 min/ sample), the eluent concentration was changed from 80% water/20% acetonitrile to 50% water/50% acetonitrile. Elution peaks (read by absorbance at 260 nm) were collected every 4 min by an automatic sampler and assayed with the ELISA protocol described above.
Differences between the plasma prolactin concentrations of pre-egg laying, egg-laying, and incubating stages of males vs. females were tested with a two-way Analysis of Variance (ANOVA) followed by post-hoc comparisons (Fisher's LSD; Sokal and Rohlf 1981) where appropriate. Analyses were run using the DataDesk software package (Data Desk Inc.) and in all instances, a probability of below 0.05 was considered significant.
RESULTS
The calculated limit of sensitivity for the ELISA used was 2 ? 3.4 ng/ml (x + SE; n = 5). The calculated percentage recovery of prolactin was 93 + 2.1 (x + SE; n = 15). Serial dilution of plasma samples from each group of birds yielded linear curves (correlation coefficients of 0.988 for standards, 0.988 for incubating females, 0.97 for egg-laying females, 0.99 for pre-egg laying females and 0.95 for males) even though there was a difference in the absolute amount of prolactin present in each sample (Fig. 1) . In fact, the 1: 10 dilution of plasma from male birds gave no absorbance above background. The slopes of the lines for each group of birds were similar (0. 17 for standards, 0.19 for incubating females, 0.19 egg-laying females, 0.175 for preegg laying females and 0.21 for males) .
The ELISA reacted specifically with an HPLC elution peak (number 6 in Fig. 2 ) that corresponded to the elution profile of authentic prolactin (Fig. 3) . There was no significant background reaction associated with other plasma fractions (Fig. 2 and 3) . There was a significant interaction between sex and breeding stage for female birds (F2,22 = 73.387, P < 0.0001). Post hoc comparisons revealed that pre-egg laying and egg-laying females had significantly lower plasma prolactin levels than did incubating birds (Fig. 4) . There was no significant difference in the plasma prolactin levels in male birds at differing stages in the breeding cycle (Fig.  4) .
DISCUSSION
Our results indicate that a human prolactin ELISA test kit is effective in detecting avian prolactin concentrations. Replicate ELISA runs are recommended when using our protocol since color intensity degrades over time due to the continued reaction of sulfuric acid with the substrate chromogen. The sensitivity of the present ELISA was undoubtedly affected by the fact that it was used against avian, rather than human, serum prolactin. This is supported by the lower sensitivity estimate in the present study versus human prolactin as well as Competitive binding studies are underway in an attempt to determine the apparent affinity of the immobilized antibody for avian plasma prolactin. Sensitivity may be improved by using an homologous ELISA (i.e., by using an anti-avian prolactin capture mAb; Pesce and Gabriel Michael 1992).
The sensitivity of the ELISA was also probably affected by the use of a chromogenic, rather than a flourogenic, substrate tag. It has been reported that the affinity values obtained in ELISA using chromogenic substrates are about 10-9 to 10-10 M, whereas the use offlourogenic conjugates increases the assay sensitivity by a factor of approximately 100 (e.g., Goldberg and Djavadi-Ohaniance 1993). For field ecologists, however, the cost differential between an optical wave- 
